The MMT Observatory, a joint venture of the Smithsonian Institution and the University of Arizona, will soon celebrate the 40th anniversary of the dedication of its innovative Multiple Mirror Telescope. The original 4.5-m telescope, consisting of six 1.8-m mirrors on a common mount, operated productively for nearly 20 years until it was decommissioned to install a new telescope. The new MMT, which was dedicated in 2000, is equipped with a monolithic 6.5-m borosilicate primary mirror. The new telescope will soon surpass the operating lifetime of the original telescope. Coincident with this transition, the MMT will enter a new era of scientific discovery with the addition of new instrumentation and improved capabilities. This paper provides an overview of the current telescope and instrument configurations and then highlights recent and forthcoming developments, including new and upgraded instrumentation, that will usher in this new era. For example, a new high throughput wide-field multi-object imaging spectrograph with a long-slit mode, Binospec, was recently commissioned at the MMT. This powerful new instrument will very likely become a highly productive workhorse instrument in dark and grey time. Another major advancement that is underway at the MMT is a full redesign and refurbishment of the world's first adaptive secondary mirror. This effort, dubbed the MMT Adaptive Optics exoPlanet characterization System (MAPS), will result in a cutting edge AO system with a performance that greatly exceeds the original, now 20-year old, system. This system, together with the NIR spectrograph ARIES and the imaging-and spectropolarimeter MMTPol, provides some unique and powerful capabilities.
INTRODUCTION
The Multiple Mirror Telescope (MMT) was dedicated on May 9, 1979 . Equipped with six 1.8-m mirrors on a common mount, it had the effective collecting area of a 4.5-m telescope making it the third largest telescope in the world at the time. In 1998, the original Multiple Mirror Telescope was decommissioned and removed from the facility to allow installation of a new 6.5-m telescope. The 6.5-m era began with the successful first light in May of 2000. Since that time, the productivity and impact of the Observatory has steadily increased as continual improvements have been made to the telescope, instruments, and operations (see Fig. 1 ).
A detailed description of the current MMT and plans for the future were provided in 2016 by 1. This paper provides updates on developments since 2016. Other MMTO specific papers presented at this conference include 2-9.
CURRENT INSTRUMENTATION
The MMT can be configured with three different secondary mirrors:
• f/9, used with legacy instruments because it provides the same f/ratio as the original telescope,
• f/5, provides superb image quality over a 30 field for imaging and 60 field for spectroscopy, and
• f/15, a deformable secondary mirror used with the adaptive optics system. 
Binospec
Binospec is a multi-object optical (3700-10500Å) imaging spectrograph fed by the MMT's f/5 secondary mirror, wide-field corrector, and atmospheric dispersion corrector. 10 The instrument was designed and built at the Smithsonian Astrophysical Observatory (SAO; P.I. D. Fabricant) and consists of two identical optical trains covering adjacent 8 × 15 fields-of-view with a 3.2 gap (see Fig. 4 ).
11 Each side is equipped with a 4K × 4K deep depletion E2V CCD detector with 15µm pixels and a scale of 0.24 /pixel. The spectrographs implement active flexure compensation by moving the detectors. Guiding and alignment are accomplished using stars viewed through apertures at each end of the slit masks. An off axis wavefront sensor patrols outside the main science field.
Binospec provides imaging in the SDSS g, r, i, and z filters. For spectroscopy, the 200mm collimated beam can be used with one of three gratings with 270, 600, or 1000 lines/mm that provide resolutions of R = 1300 − 4400. Additional details about the gratings are provided in Table 1 . Single object long-slit spectroscopy uses a 15 slit with widths of 0.75 , 1.0 , 1.25 , 1.5 , and 5 available. For multi-object spectroscopy, pairs of 80mm × 150mm sheet metal masks are held in frames that curve and tip the masks to approximate the curved focal surface. Ten frames (one frame equals a pair of masks) can be loaded into the instrument at once. Each pair of masks can have up to 300 slitlets (150 per side). Slitmasks are currently machined by a laser cutter at SAO in Cambridge, MA and shipped to the MMT. The laser slit mask cutter will soon be relocated to the common building in the "bowl" area near the summit of Mount Hopkins to allow for daily fabrication of masks. Masks are typically swapped during daytime hours but can be done during the night if needed. Figure 4 shows the layout of the masks, guiders, and wavefront sensor on a science field. The green rectangles are the spectroscopic fields, blue are the allowed positions for guide stars, and yellow is the patrol area for the Shack-Hartmann wavefront sensor. The short red lines show the slitlets for the field. First light with Binospec was achieved on November 9, 2017. Commissioning of the instrument was completed in February 2018 and normal queue observations have been ongoing. The instrument performs as good or better than all design specifications. A more detailed paper about Binospec and it's on-sky performance will be provided in a forthcoming paper by Fabricant et al. 
FUTURE CAPABILITIES

MMT Adaptive Optics
Circa 2002, the Steward Observatory Center for Astronomical Adaptive Optics (CAAO) commissioned the world's first adaptive secondary mirror (ASM) on the MMT. 12, 13 The deformable f/15 secondary mirror was used with both Natural Guide Star (NGS) and Laser Guide Star (LGS) 14 topboxes. The LGS system has since been decommissioned but the NGS system is still in high demand. However, at nearly 20 years old, some of the proprietary electronics and digital signal processing (DSP) hardware in the ASM are now obsolete. This motivated an MMT adaptive optics (MMT-AO) upgrade project entitled "MMT Adaptive Optics exoPlanet characterization System (MAPS)", with the end goal of completing a key science project to survey and characterize exoplanet and debris disk systems. Here we provide just an overview of the MAPS project; for a full description see 5.
A key component of the MAPS MMT-AO upgrade is to replace all 336 voice coil actuators. A new design for the actuator electronics has been developed by CAAO that leverages advances in electronics components. Improvements over the existing system include: A second goal of the MAPS MMT-AO upgrade is to replace the Shack-Hartman wavefront sensor system with a new, more sensitive, pyramid wavefront sensor similar to those developed for the Large Binocular Telescope (LBT). 15 The new wavefront sensor will utilize a red-optimized, low-noise CCD manufactured by Lincoln Labs (CCID-75) along with custom SciMeasure readout electronics. It will also include a second IR channel that will enable science using very red and/or obscured guide stars. The IR arm will utilize a low noise Leonardo SAPHIRA HgCdTe avalanche photodiode (APD) array. 16 The new wavefront sensor will provide good AO correction on natural guide stars as faint as R = 17 − 18 opening up all-sky coverage at low galactic latitudes and ∼30-50% sky coverage near the galactic poles. Details of the new pyramid wavefront sensor and avalanche camera are described in these proceedings by 6 and 2, respectively.
These hardware upgrades will also enable operational changes that will result in overall improved performance for the MMT-AO system. The current system corrects only 55 modes and has a slow update rate that is limited by a 2.7 ms delay. The upgraded electronics will improve the temporal response to below 1 ms. Simulations demonstrate that the upgrade will, for nominal seeing at the MMT, reduce the residual wavefront error to 320 nm RMS. The new system will also incorporate an optimized PID controller, 17 a higher number of corrected modes, and accelerometer feed-forward to mitigate vibration effects. These additional improvements will further reduce the wavefront error to 200 nm RMS. The upgrades will also incorporate new simpler operator interfaces that should improve the overall efficiency of the system. The MAPS project was awarded two year seed funding to upgrade the ASM and partially upgrade the ARizona Infrared imager and Echelle Spectrograph (ARIES, see below) through the NSF MSIP program starting in February 2017. A follow-up MSIP proposal requesting funding for the remainder of the project (wavefront sensor upgrade, a higher resolution grating for ARIES, and execution of the exoplanet characterization science program) was submitted in April 2018.
The performance of a single actuator was demonstrated in November 2017 and a four actuator system was demonstrated in February 2018. A 19 actuator system is currently being assembled and will be tested during the summer of 2018. A final design review will follow and full fabrication, assembly and lab testing will be complete in fall 2019. On sky tests and commissioning on the MMT is planned for the spring of 2020. The upgraded MMT system will also serve as a working demonstration of more cost effective ASM electronics for future giant segmented mirror telescopes (e.g. GMT and TMT).
ARIES
The ARizona Infrared imager and Echelle Spectrograph (ARIES) is designed to exploit the low thermal background and high optical throughput offered by the MMT's f/15 adaptive secondary system. ARIES provides diffraction-limited imaging in the JHK atmospheric windows and long-slit and echelle spectroscopy at resolving powers from 1,500 to 36,000. ARIES currently uses a Hawaii-1 array (1024 × 1024 pixels; 1-2.5 µm) for cross-dispersed echelle spectroscopy. As part of the MAPS project, the JWST-NIRCam project has provided a Hawaii-2RG (2048 × 2048 pixels; 1-5 µm) array to replace the current detector. The larger format and extended wavelength coverage of the Hawaii-2RG enable a much broader range of science. Also, as part of the MAPS upgrade, a new higher resolution grating that will provide R=65,000 will be purchased and installed in ARIES. For more details about the ARIES upgrades see 5.
MMTPol
MMTPol is a 1-5 µm imaging polarimeter that's fed by the MMT's AO system. 18, 19 By using an adaptive secondary mirror, MMTPol achieves much lower instrumental polarization (0.0% +/-0.03% at 2.2µm) than would be possible with AO systems that have multiple off axis reflections. MMTPol has recently been upgraded to enable a spectropolarimetric mode using a polarization grating. A polarization grating is a thin-film beamsplitter (less than 300 µm thick) that simultaneously disperses the incident beam both spectroscopically and polarimetrically. 20, 21 This MMTPol upgrade will result in a very unique capability when used with the new MMT-AO system.
OBSERVATORY OPERATIONS
Since the conversion to the 6.5-m telescope in 2000, the MMT's annual technical downtime has been consistently declining (see Figure 5 ). This has been achieved through an ever expanding preventive maintenance program, rapid responses to every technical issue, and by prioritizing technical activities that are specifically meant to improve reliability. Site conditions have also been monitored using seeing measurements made with our ShackHartmann wavefront sensors (see 9).
Although the technical downtime for the Observatory has been declining, for the three categories shown in Figure 5 , instrument, telescope, and general facility, the MMT has had little control over the time lost to instrumentation. This is because, in the post conversion era, several MMT instruments have been classified as "pseudo" facility. They've been widely available to our user community but have been largely supported by the instrument teams at Steward Observatory (f/15 secondary, NGS topbox, and ARIES) or SAO (Megacam, MMIRS, Hectospec, and Hecochelle). This has served the MMT well but is not optimal and has effectively shifted maintenance costs from the Observatory to the parent institutions. This "pseudo" facility model is also not sustainable; the PIs and the instrument teams for Hectospec, Hectochelle, Binospec, MMIRS, and ARIES have many other responsibilities and may take on more in the future. Furthermore, potential departures or retirement of team members including PIs needs to be considered and even anticipated. Therefore, it's extremely important that the MMT take a more active role now since training MMT staff will require significant overlap with the current experts.
With the return of the MMT and Magellan Infrared Spectrograph (MMIRS) from Magellan in 2015, the commissioning of Binospec in 2017, and the anticipated return of the upgraded Adaptive Optics system and ARIES in 2020, the MMT is entering a new era of expanded scientific capability. To fully capitalize on these new and powerful capabilities, the MMTO will need to take an active role in ensuring that these instruments are used efficiently and that a high level of instrument reliability is maintained through the next decade. The efficiency is being realized through an optimized queue scheduling system that the MMT has developed and refined during the last two years (see 3). The reliability will be realized with the addition of a dedicated instrument support team.
The new MMT queue scheduling system, currently used with MMIRS and Binospec (and perhaps Hectospec and Hectochelle in the future), was developed and is maintained by the MMTO. Quality major software projects are often under appreciated in astronomy and so it's worth emphasizing that the MMT's queue scheduling database system has been a major effort on par with the development of a significant instrument. The new "Instrument Support Group", which has not been in the MMTO organizational chart since the conversion to the 6.5-m telescope, will be responsible for maintaining, repairing, and upgrading all MMT instrumentation including SAO's f/5 instrumentation and the upgraded adaptive optics system and ARIES. Figure 6 shows the proposed MMT FY19 organizational chart which includes the Instrument Support Group as the right most branch.
Although the Instrument Support Group will focus on instrumentation, we can utilize their talents for other MMT activities including wavefront sensing, servo analysis, and real time programming. Likewise, the Instrument Support Group can get assistance from the entire engineering group as needed. 
